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,ECTI  MUSCLES. 


N CONTRACTION 


By  GEORGE  T.  STEVENS,  M.  D. 


Sinck,  in  1845,  Guerin  first  made  advancement  of  a 
rectus  muscle  with  the  view  of  re-establishing  its  action  by 
virtue  of  the  new  position,  many  modifications  of  his  opera- 
tion have  been  made,  depending  partly  upon  the  progress 
made  in  the  management  of  primary  strabismus  and  partly 
upon  the  individuality  of  the  surgeons  who  have  proposed 
the  various  modifications.  Principal  among  these  newer 
methods  are  those  of  Critchett  and  von  Graefe,  but  practical 
improvements  upon  the  original  methods  and  of  those  of 
Critchett  and  Graefe  have  been  suggested  and  practiced  by 
Weber,  Agnew,  Wecker  and  Landolt,  Prince,  and  others. 

In  all  these  modifications  the  purpose  has  been,  by  ad- 
vancing the  insertion  of  the  tendon  nearer  to  the  cornea,  to 
effect  a re-enforcement  of  its  action  in  rotating  the  cornea 
toward  the  inner  or  outer  cantbus. 

It  is  probable  that  nearly  every  surgeon  who  has  had 
any  considerable  experience  in  these  operations  has  learned 
that  each  of  the  methods  which  have  from  time  to  time 
been  in  vogue  promises  much  better  than  it  fulfills,  and  that 
failure  in  producing  any  exact  results  is  the  rule  rather  than 
the  exception. 
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There  are  certainly  important  objections  to  the  opera- 
tion for  advancement  in  either  of  its  forms  and  at  even- 
stage  of  the  proceeding.  The  extensive  wound  of  the  con- 
junctiva, the  dissection  of  it  to  the  border  of  the  cornea, 
the  enormous  extent  of  tissues  involved  in  the  sutures,  and 
especially  the  wedging  of  the  tendon  far  in  advance  of  its 
normal  position,  are  all  undesirable  features  of  these  opera- 
tions. But  beyond  these  details  of  procedure,  which  leave 
unpleasant  reminders  after  healing  has  taken  place,  there  is 
the  necessary  uncertainty  of  the  result  which  renders  a sim- 
pler operation,  and  one  which  can  be  at  least  approximately 
graduated,  much  to  be  desired. 

The  operations  for  tendon  resection  and  tendon  contraction 
present  many  advantages  over  the  operation  for  advance- 
ment. During  the  past  four  years  I have  made  many 
operations  for  the  purpose  of  shortening  the  tendons 
of  the  recti  by  the  methods  about  to  be  described,  and 
the  experience  thus  gained  appears  to  be  sufficiently  ex- 
tended to  enable  me  to  form  a judgment  respecting  these 
methods. 

Tendon  shortening  is  available  and  often  advantageous 
in  primary  as  well  as  secondary  strabismus,  and  in  the  lesser 
anomalous  tendencies  of  heterophoria.  For  cases  in  which 
a slight  effect  is  desired — for  example,  where  it  is  proposed 
to  effect  a correction  of  two  or  three  degrees — shortening 
by  tendon  contraction  is  sufficient.  If,  however,  more  con- 
siderable effects,  such  as  in  cases  of  strabismus  or  in  high 
degrees  of  heterophoria,  are  to  be  obtained,  tendon  resec- 
tion is  required. 

Advancements  were  formerly  made  only  in  cases  of  over- 
correction after  operations  for  strabismus  or  in  cases  of 
paralysis.  More  lately  they  have  been,  to  a limited  extent, 
made  auxiliary  to  primary  operations.  In  1874  Dr.  J.  F. 
Noyes,  of  Detroit,  reported  a method  for  shortening  the 
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recti  by  complete  tenotomy  and  lapping  the  muscular  under 
the  scleral  end  of  the  tendon.  If  necessary,  a portion  of 
tendon  was  to  be  cut  out.  Several  sutures  were  used  and 
no  tenotomy  of  the  opposing  muscle  was  made. 

In  making  tendon  resection  the  proceeding  which  I 
have  adopted  is  as  follows  : 

With  the  narrow-pointed  scissors  used  for  subconjunc- 
tival tenotomy,  and  which  are  figured  in  connection  with 
this  article,  an  opening  is  made  in  the  conjunctiva  less  than 
one  millimetre  in  extent  and  about  a millimetre  posterior  to 
the  insertion  of  the  tendon  and  exactly  over  its  central  por- 
tion. The  opening  should  be  the  smallest  possible — not 
more  than  sufficient  to  expose  a small  point  of  the  surface 
of  the  tendon.  The  fine  tenotomy  forceps  * is  then  intro 
duced,  its  branches  closed  through  this  small  opening  and 
forced  slightly  backward,  when,  by  removing  the  pressure  of 
the  fingers,  the  expansion  of  the  blades  pressing  against  the 
elastic  tissues  surrounding  them  causes  the  opening  to  ex- 
pand, thus  temporarily  enlarging  the  wound  and  permitting 
the  operator  to  grasp  in  the  teeth  of  the  forceps  a small 
fold  of  the  tendon  slightly  removed  from  its  insertion. 
With  much  care  the  tendon  is  divided  transversely,  a little 
in  front  of  the  insertion,  carrying  the  division  each  way  as 
in  the  case  of  graduated  tenotomy  until  the  border  of  the 
tendon  is  reached  and  which  is  to  be  preserved. 

With  the  fine  traction  hook  (Fig.  6)  the  central  portion 
of  the  proximal  lip  of  the  tendon  opening  is  then  drawn  for- 
ward through  the  opening  in  the  conjunctiva,  which,  without 
tearing,  expands  to  allow  of  this  procedure.  While  the  ten- 
don is  thus  held  forward  the  small  plow  or  divulsor  is  in- 
sinuated and  pushed  backward  over  all  the  parts  of  the 
tendon  behind  the  wound,  effectually  releasing  the  tendon 
from  any  connection  with  the  surrounding  tissues. 

* See  figure. 
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This  separation  of  the  tendon  will  permit  it  to  be  drawn 
forward  without  causing  so  much  of  a fold  of  the  conjunc- 
tiva as  is  otherwise  likely  to  result  if  the  tendon  is  much 
shortened.  The  tendon  being  now  drawn  forward  to  an  ex- 
tent equal  to  the  amount  of  resection  desired  (and  the  resec- 
tion must  be  made  to  conform  to  the  extent  of  shortening 
proposed!,  either  by  making  traction  by  means  of  the  trac- 
tion hook  or  by  the  tine  fixation  forceps  which  may  be 
made  to  replace  the  hook,  and  using  as  much  care  as 
possible  not  to  enlarge  the  conjunctival  wound,  a cut  is 
made  from  each  extremity  of  the  transverse  incision  back- 
ward so  that  the  two  nearly  meet  just  behind  the  insertion 
of  the  forceps.  By  this  means  a triangular  piece  of  tendon 
is  very  nearly  removed.  Making  traction  now  with  the  fix- 
ation forceps  which  holds  the  bridge  at  the  apex  of  the  tri- 
angle, the  needle,  armed  with  Ho.  000000  silk  thread,  is 
passed  through  just  behind  the  apex,  when  the  resection  of 
the  triangle  is  completed.  The  needle,  is  next  carried 
through  the  corneal  extremity  of  the  tendon  and  the  ex- 
treme border  of  the  conjunctival  wound,  including  not  to 
exceed  one  millimetre,  when  the  suture  is  to  be  tightened 
and  secured.  The  object  of  the  fixation  forceps  is  to  main- 
tain a hold  upon  the  exact  central  portion  of  the  ten- 
don. Should  resection  be  made  without  the  precaution  of 
thus  securing  this  part,  it  would  be  doubtful  whether  the 
exact  angle  of  the  resected  part  could  be  readily  found  af- 
terward. Approximately  this  may  be  done,  if  the  fixation 
forceps  have  not  been  used,  or  if  the  hold  has  been  lost,  by 
carrying  the  slender  hook  beneath  the  tendon  after  the  re- 
section is  made,  observing  special  care  as  to  its  direction 
and  thus  drawing  the  angle  forward.  It  is  much  better, 
however,  to  secure  this  point  from  the  beginning,  when  it  is 
possible  to  be  very  precise. 

During  the  different  stages  of  the  operation  the  conjunc- 
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tival  wound,  originally  very  small,  is  in  danger  of  being  en- 
larged by  tearing  or  cutting,  but  this  should,  as  far  as  pos- 
sible, be  avoided.  The  tissues  are  susceptible  of  a consid- 
erable degree  of  stretching,  and  what  may  during  the  opera- 
tion appear  like  an  opening  of  two  or  three  millimetres  will 
after  a few  minutes  contract  to  a small  point.  The  amount 
of  tissue  to  be  removed  in  the  resection  must  of  course,  as 
has  already  been  intimated,  be  graduated  by  the  effect  de- 
sired. The  surgeon  should  determine  beforehand  the  ex- 
tent to  which  it  is  desirable  to  change  the  relative  position 
of  the  eye.  The  distance  from  the  base  to  the  apex  of  the 
resected  triangle  should  correspond  nearly  to  the  extent  to 
which  the  eye  is  to  be  rotated. 

Tendon  resection  is  available  when  considerable  change 
in  the  relative  position  of  the  eye  is  to  be  made.  For  slight 
or  great  moderate  changes,  tendon  contraction  may  be  prac- 
ticed. 

In  making  tendon  contraction,  the  conjunctival  opening 
is  made  as  already  described.  Then  the  tendon  is  drawn 
slightly  forward  through  the  opening  and  is  cut  transverse- 
ly toward  each  border.  The  small  traction  hook  shown  be- 
low is  then  introduced  beneath  the  tendon  which  it  draws 
forward.  The  needle  is  carried  through  the  tendon  as  far 
back  as  necessary.  If  it  is  carried  so  far  back  as  to  leave 
in  front  of  it  any  considerable  extent  of  the  tendon,  this  may 
be  shaved  off  by  the  scissors  so  as  to  leave  a very  thin  bor- 
der. The  needle  is  then  carried  through  the  anterior  lip  of 
the  tendon,  as  has  already  been  directed,  and  the  suture  se- 
cured as  before.  Before  finally  tying  in  either  case  the  pa- 
tient should  be  tested  in  respect  to  the  result,  when,  if  it  is 
excessive,  the  suture  may  be  loosened  before  finally  tying, 
and,  if  insufficient,  the  operation  can  be  carried  further. 

No  extensive  cicatrization  occurs  after  such  operations. 
The  tendon  is  not  bound  either  to  the  sclera  or  the  conjunc- 
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tiva.  Union  takes  place  by  first  intention,  hence  there  is 
very  slight  prospect  of  losing  the  result  of  the  operation,  al- 
though, owing  to  the  elasticity  of  the  parts  included  in  the 
suture,  an  excess  of  effect  should  be  temporarily  induced. 
Owing  to  the  extreme  fineness  of  the  thread,  no  inflamma- 
tion is  set  up  about  it.  It  may  be  removed  after  five  or  six 
days,  or  it  cuts  its  way  out  without  assistance.  A few  weeks 
after  such  an  operation  only  minute  traces  of  it  cau  be  dis- 
covered. No  unsightly  scar  and  no  adhesions  are  left  to 
remind  the  patient  or  the  surgeon  that  an  operation  has 
been  done. 

Two  great  disadvantages  following  the  standard  opera- 
tions for  strabismus  are  the  recession  of  the  caruncle  and 
the  loss  of  ability  to  bring  the  cornea  of  the  eye  operated 
on  sufficiently  toward  the  canthus  corresponding  to  the 
severed  tendon.  These  defects  may  be  avoided  by  the 
adoption  of  two  measures:  1.  The  tenotomy  is  to  be  made 
by  the  method  which  I have  described  * for  heterophoria, 
except  that  the  division  of  the  tendon  is  made  more  com- 
plete. Little,  if  any,  recession  of  the  caruncle  succeeds  to 
such  an  operation,  as  the  wound  of  the  conjunctiva  is  re- 
duced to  the  smallest  extent,  and  the  tissues  are  not  sepa- 
rated from  the  sclera  as  in  the  ordinary  operation.  2.  The 
tenotomy  should  not  be  carried  to  the  extent  of  so  complete 
a setting  back  of  the  tendon  as  to  alter  the  position  of  the 
caruncle  or  to  seriously  interfere  with  the  rotating  action  of 
the  muscle.  After  a moderate  relaxation  of  the  shortened 
tendon  by  such  a guarded  tenotomy,  tendon  resection ‘of  the 
opposing  muscle  can  be  made  to  supplement  the  effect,  thus 
maintaining  a more  uniform  tension  of  the  two  opposiug 
muscles  than  could  be  preserved  after  a greater  setting  back 
of  the  tendon  or  after  an  advancement  without  tenotomy. 

* “Archives  of  Ophthalmology,”  vol.  xvi,  No.  2,  June,  1887,  and 
vol.  xvii,  No.  2,  June,  1888. 
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In  most  cases  of  tlie  ordinary  converging  or  diverging 
strabismus,  therefore,  tendon  resection  can  be  advantage- 
ously combined  with  moderate  tenotomy  on  one  or  both 
eyes.  I have  found  that,  in  a certain  proportion  of  cases  of 
heterophoria  in  which  the  balance  appears  to  be  lost  through 
the  feeble  action  of  one  set  of  muscles  rather  than  through 
the  immoderate  contraction  of  their  opponents,  tendon  re- 
section preserves  more  perfectly  the  functions  of  the  recti 
muscles  than  does  tenotomy.  In  high  grades  of  esoplioria 
or  exophoria,  also,  tendon  resection  is  advantageously  com- 
bined with  tenotomy.  In  such  cases  we  make  a slight  short- 
ening of  each  of  the  weaker  muscles,  followed  by  tenotomy 
of  each  of  the  opposing  tendons.  There  is  less  objection  to 
so  many  operations  than  to  a single  excessive  tenotomy. 

For  the  performance  of  tenotomies  or  of  tendon  resec- 
tions in  the  manner  which  I have  described,  certain  forms 
of  instruments  are  necessary  and  certain  -others  desirable. 
It  will  therefore  be  in  place  here  to  refer  to  the  various  in- 
struments which  I fiud  useful  in  these  operations.  They 
are  such  as  have  resulted  from  the  necessities  or  conven- 
iences of  the  operations  during  the  various  stages  of  their 
evolution. 

It  is  with  much  satisfaction  that  I acknowledge  the  prac- 
tical assistance  which  I have  received  from  time  to  time 
from  Mr.  F.  A.  Stohlmann,  of  Messrs.  Tiemann  & Co.,  who 
has  brought  to  the  work  his  great  experience  and  a sincere 
desire  to  render  every  aid  in  perfecting  the  instruments. 

Each  instrument  is  so  constructed  as  to  admit  of  perfect 
cleanliness,  those  having  crossed  blades  being  provided  with 
Charriere’s  lock  ; they  can,  therefore,  all  be  kept  easily  and 
perfectly  aseptic. 

The  scissors  (Fig.  1),  which  have  been  described  * here- 
tofore, are  now  improved  by  being  furnished  with  the  lock- 

* “Archives  of  Ophthalmology,’’  June,  1888. 
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joint,  thus  allowing  the  two  blades  to  he  separated  from 
each  other.  The  lock  also  insures  the  perfection  of  the 


Fig.  1. 


relations  of  the  two  blades  to  each  other — a condition  which 
is  readily  lost  when  the  blades  are  united  by  a screw.  Con- 
tinued experience  with  the  scissors  convinces  me  of  their 
great  value.  Their  cutting  properties  are  perfect,  they  are 
strong  enough  to  overcome  every  resistance,  while  their 
points  are  so  very  slender  that  they  work  beneath  the  con- 
junctiva through  an  extremely  small  opening. 


Fig.  2. 


The  forceps  (Figs.  2 and  3)  and  small  tenotomy  hook 
(Fig.  4)  have  also  been  described  elsewhere,*  and  are  both 


Fig.  3. 

found  to  serve  their  purpose  perfectly.  The  delicacy  of  the 
hook  enables  the  operator  to  insert  it  beneath  the  tendon  at 


Fig.  4. 


the  extremities  of  the  section  already  made,  with  little,  if 
any,  disturbance  of  surrounding  tissues. 

, * “Archives  of  Ophthalmology,”  June,  1887. 
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I have  found  it  necessary  to  have  constructed  for  use  in 
tendon  resection  a fixation  forceps  (Fig.  5),  similar  in  its 


Fig.  5. 


general  form  and  in  delicacy  to  the  tenotomy  forceps. 
This  instrument  lias  proved  of  great  service  in  the  perfec- 
tion of  the  operation.  A very  delicate  traction  hook  (Fig. 
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Fig.  6. 


6)  has  also  proved  almost  essential  in  operations  for  tendon 
contraction  and  for  tendon  resection.  Tbe  hook  is  of  about 
the  same  size  and  delicacy  as  Tyrell’s  iris  hook. 

The  hook,  however,  is  in  the  form  of  a straight  barb, 
bending  backward  at  an  angle  of  45°  from  the  very  slender 
shaft;  the  barb  is  very  fine  and  sharp,  and  is  perfectly  calcu- 
lated to  catch  and  hold  the  cut  border  of  the  tendon  with- 
out becoming  entangled  in  it,  as  the  Tyrell  hook  is  very 
likely  to  do.  The  little  plow  or  divulsor  used  for  sepa- 
rating the  tendon  from  its  surroundings  is  a triangular  lance- 
blade,  at  the  extremity  of  which  is  an  olive  or  button  which 
serves  as  a leader.  The  blade  is  about  a millimetre 


Fig.  7. 


broad  at  its  widest  part  (Fig.  7).  Messrs.  Tiemann  & Co. 
have  constructed  for  me  a needle-holder  (Fig.  8),  very  light 
and  convenient  in  operations  about  the  eye.  Its  handle,  in 
size  and  form,  corresponds  to  that  of  the  majority  of  the 
instruments  used  in  eye  surgery,  and  the  jaws,  while  slender, 
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are  so  short  as  to  give  them  unusual  strength.  The  lever 
fastens  by  Tiemann’s  automatic  catch.  Since  the  intro- 
duction of  cocaine  there  is  but  little  and  usually  no  pain  in 
operations  upon  the  eye  muscles;  but  I have  long  observed 
that  in  operations  in  which  a needle  is  used  a thrill  of  pain 
is  sent  through  the  frame  of  any  patient  when  the  ordinary 
needle-holder  is  made  to  release  its  hold  upon  the  needle. 
The  snap  of  the  release  is  invariably  described  as  a most  se- 
vere shock.  In  the  instrument  here  figured  this  violent  snap 


Fig.  8.  ' 

is  avoided.  Like  the  tenotomy  scissors,  the  blades  of  the 
needle-holder  are  readily  detachable,  being  uuited  by  the 
Charriere  lock,  hence  they  can  be  separated  with  ease  for 
cleansing. 

So  many  oculists  have  already  presented  designs  for  eye 
specula  that  I hesitate  to  add  another  to  the  list.  I yield, 
however,  to  the  suggestion  of  others  in  describing  the  in- 
strument which  l have  used  for  two  years  past  (Fig.  9).  It 


is  a modification  of  old  forms,  and  its  merit  is  rather  in  its 
simplicity  and  convenience  than  in  its  novelty.  The  spring 
itself  resembles  some  of  the  oldest  forms  of  eye  specula, 
and  is  quite  fiexible,  as  I find  that  a stiff  spring  is  not  re- 
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quired  since  the  introduction  of  cocaine.  Consequently  the 
spring  is  quite  light,  being  made  of  silver-coated  steel,  and 
each  branch  is  terminated  by  a thiu  plate  of  tortoise-shell  so 
folded  upon  itself  as  to  hold  the  border  of  the  lid  firmly,  and 
to  effectually  remove  the  lashes  from  the  field  of  operation. 
The  even  pressure  of  the  tortoise-shell  is  far  less  disagree- 
able to  the  patient  than  the  pressure  caused  by  the  stiff 
bent  wires  almost  universal  in  the  blades  of  eye  specula. 
About  the  middle  of  each  branch  a little  cup-shaped  finger- 
piece  is  attached  as  a holder.  The  speculum  is  light,  easy 
to  the  patient,  perfectly  simple  in  construction,  and  there- 
fore has  the  merit  of  cheapness. 

In  operations  upon  the  superior  muscles  the  common  eye- 
lid retractor  is  used;  Messrs.  Tiemann  have  constructed  for 
me  one  considerably  smaller  than  those  commonly  used,  the 
blade  being  of  tortoise-shell  (Fig.  10). 


Fig.  10. 


All  these  instruments,  together  with  fine  needles  and  a 
quantity  of  No.  000000  silk,  are  put  up  by  Messrs.  Tiemann 
& Co.  in  a very  neat  case. 

33  West  Thirty-third  Street,  New  York. 
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